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Abstract. The paradigm of ACDM cosmology works impressively well and with the concept of inflation it 
explains the universe after the time of decoupling. However there are still a few concerns; after much effort there 
is no detection of dark matter and there are significant problems in the theoretical description of dark energy. We 
will consider a variant of the cosmological spherical shell model, within FRW formalism and will compare it 
with the standard ACDM model. We will show that our new topological model satisfies cosmological principles 
and is consistent with all observable data, but that it may require new interpretation for some data. Considered 
will be constraints imposed on the model, as for instance the range for the size and allowed thickness of the 
shell, by the supernovae luminosity distance and CMB data. In this model propagation of the light is confined 
along the shell, which has as a consequence that observed CMB originated from one point or a limited space 
region. It allows to interpret the uniformity of the CMB without inflation scenario. In addition this removes any 
constraints on the uniformity of the universe at the early stage and opens a possibility that the universe was not 
uniform and that creation of galaxies and large structures is due to the inhomogeneities that originated in the 
Big Bang. 



1 Introduction 

The ACDM cosmology in combination with the inflation 
model gives the best predictions for the observable data. 
For instance GR and standard model can predict with high 
accuracy decreases in the orbital period of a binary pulsar 
and angular power spectrum of the CMB. Inflation can ex- 
plain horizon, flatness, and monopole puzzles and give a 
natural quantum mechanical mechanism for the origin of 
the cosmological fluctuations observed in the CMB and in 
the large scale structure of matter. However, there are not 
observable/experimental tests to give us any assurance that 
an inflation epoch really left measurable effects. The ex- 
planation for flatness may be the anthropic principle IH, 
that intelligent life would only arise in those patches of 
universe with D very close to 1 ; another explanation could 
be that space is precisely flat, so that K = now and al- 
ways. Guth's monopoles may be explained by inflation, 
or the physics may be such that they never existed in ap- 
preciable abundances. An explanation may be that there is 
no simple gauge group that is spontaneously broken to the 
gauge group S U(3)xS U(2)xU(l) of the Standard Model. 

This paper is not about the criticism of inflation mod- 
els, such as that: it invokes an inflation field that does not 
correspond to any known physical field, that its potential 
energy curve is an ad hoc contrivance to accommodate ob- 
servable data, and that inflation does not solve the problem 
of initial conditions, because it requires extremely specific 
initial conditions of its own. In the new inflation model 
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there are also fine tuning requirements that the universe 
must have a scalar field with an especially flat potential 
(compared to the large vacuum energy), small first and sec- 
ond derivatives, and that the inflation particles must have 
a small mass. 

Since there are possible solutions of the flatness and 
the monopole problems that do not rely on inflation, we 
will focus on the horizon or homogeneity puzzle, for 
which there are no proposed reasonable definite alternative 
resolution. We will also show that our proposed solution 
of the horizon problem can also give a reasonable explana- 
tion for the formation of the large scale structure of matter. 
Actually the classical model does say that expansion traces 
back to a singular state, but the observed large-scale homo- 
geneity and isotropy is not required by classical GR theory. 
It is well known that in the Big Bang models homogeneity 
of space cannot be explained, it is simply assumed in ini- 
tial conditions. Homogeneity in the CMB on the level of 
10" 5 is explained by inflation era. However, arguments in 
favor of inflation only exist if space was already homoge- 
neous before inflation. If the pre inflationary universe was 
not already homogenous, inflation will not lead to homo- 
geneity |2|. 

So, the homogeneity problem is pushed only back in 
time, because the Big Bang itself is taken to be inherently 
free of correlations. We argue that the observed unifor- 
mity in the CMB does not mean that space was uniform 
at the time of decoupling. We propose a shell cosmolog- 
ical model that allows for a different interpretation of the 
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Figure 1. Angular correlation function of the best fit ACDM 
model, a finite size universe model, and WMAP data on large 
angular scales (adopted from |4|). 



Figure 2. The comparison of the data to the predicted TE power 
spectrum in a finite universe model (solid line) and the ACDM 
model (dashed line), adopted from |4 |. 



CMB data and for inhomogeneity of the universe at the 
early stage. 

The uniformity of the CMB is not consistent with the 
standard model without inflation. The curvature and phys- 
ical properties of the regions of space which have never 
been in causal contact and should not be correlated are 
taken to be indistinguishable. During the matter domi- 
nated era the scaling factor a(t) increases as t 2/3 , since the 
time of last scattering the horizon size was of the order 
du ~ ^o 1 ^ + ^)~ 3/2 ' wnere Zl is redshift at the surface 
of last scatter. The angular diameter distance d& to the 
surface of last scattering is of order H~ l (l + zl)~ 1 , so the 
horizon at the time of last scatter now subtends an angle of 
order d H /dA ~ (1 + Zl)~ 1/2 , which is for zl - 1100 about 
1.7°. Therefore in CMB spectrum points further apart than 
several degrees should be not correlated, but correlations 
up to ~ 60° are observed. 

Inflation is also not consistent with observed large 
scale angular correlations in CMB data. Inflation models 
require angular correlation at all angles, not only at an- 
gles up to ~ 60°, because inflation occurred at all scales. 
The discrepancy in angular correlations between CMB and 
ACDM model that is presented in Fig. [T] was first no- 
ticed in [3 ] and confirmed later in [4]. There is an obvious 
difference between the CMB spectrum and predictions of 
the standard model. The figure also includes a curve that 
shows very good agreement between the observable data 
and a finite size universe model (similar to the model pro- 
posed here). Please note that the finite size model gives not 
only a better match to the observed correlation function 
than the ACDM model, but also predicts the distinctive 
signature in the temperature polariaztion (TE) spectrum; 
see Fig. [2] 



2 Shell Model and uniformity of CMB 

GR does not specify the topology of space. Einstein's 
equations describe only local properties of the spacetime, 
but do not fix the global structure and topology of space- 
time. Different topologies can correspond to the same ma- 
trix element, leaving the possibility of new models of the 
universe. 

We consider a model in which the universe is an ex- 
panding spherical shell with a significant thickness, 0. 
The size of the shell (the arc length from pole to antipode) 
must correspond to the present size of the cosmological 
horizon, and the thickness of the shell must have a mini- 
mum size to explain present observation constraints: ghost 
images of sources; distribution and periodicity of clusters, 
super clusters, quasars, and gamma-ray bursts; statistical 
analysis of reciprocal distances between celestial objects; 
and other limits obtained from the CMB (uniformity and 
weak angular fluctuations). For example, from the statis- 
tical analysis of the Abell catalog of spatial separation of 
clusters, it appears that the shell thickness should be at 
least about 1 Gpc (6). 

Because there is no other space than that associated 
with the spherical shell the motions of all galaxies and 
propagation of the light must be confined to the volume 
of the shell, which expands with a radial velocity. As we 
will see this will have significant implications on the inter- 
pretation of the data. The light must follow geodesic lines, 
so as in torus models it is not traveling straight, but is bent. 

This will define an observable universe for our model 
as the largest visible volume inside the spherical shell, 
from the point of the observer, Fig. [3^. By this defini- 
tion the cosmological horizon distance will be the largest 
possible arc distance along the spherical shell. If the uni- 
verse is the same size as the observable universe and an 
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Figure 3. a) The visible universe as an expanding shell with a 
significant thickness, b) The observable universe, as seen by an 
observer from point A, is a volume of the shell, with event hori- 
zon located at point B, c) CMB visible from Earth (by observer 
at point A) originates at the antipodal point B and CMB visible 
from another place in the universe (point C) is emitted at point 
D, d) The visible universe as a surface of the sphere with radius 
Ro = 4.46 Gpc that expands with radial speed close to the speed 
of light. 



observer is located at point A, the particle horizon distance 
will be the arc distance from point A to point B located at 
the antipode and the observable universe will be the entire 
spherical shell. 

The dynamics of shell models have been investigated 
earlier. For a systematic study in the framework of gen- 
eral relativity, see for instance |7 ] and 0. However, this 
is not the focus of our paper. Regardless of the model 
that will be used, a simple expansion of the shell with a 
constant speed introduced in [9 ], a GR model first intro- 
duced by Israel ifTOl , or the special relativity model fTTlL 
the agreement with the observable data will be nearly the 
same. In addition, because the propagation of light is con- 
fined to along the shell (for instance it cannot travel across 
the shell, because there is no space) all these models will 
require a new interpretation of the observable data, for in- 
stance uniformity of the CMB, as it will be shown here. 

In the current ACDM model the visible universe is de- 
fined as a sphere centered on the observer and from our 
perspective it appears that the radius is Ro = 14.0 ± 0.2 
Gpc (about 45.7 Gly). The value Ro is the particle horizon 
and the quoted result corresponds to the direct WMAP7 
measurements and the recombination redshift z = 1090 ± 
1 G2. 

In the standard FLRW model 

Ro = a(t) f ^-dt\ (1) 



where 




Figure 4. Hubble diagram for the Union2.1 data set (T3). The 
solid line represents the best-fitted ACDM model. The dashed 
line represents the shell model, with the shell expanding with 
speed c. 



The Ro = 14.0 ± 0.2 Gpc corresponds to the following 
combinations of the parameters: £l m h 2 = 0.136 ± 0.003, 
8;rG n 2 k 4 T 4 

r ~3H 2 ~l5^¥' A ~ r m ' 
In our shell model we must obtain the same value for 

the particle horizon, which is now an arc distance from 

pole to antipode, instead of the radius of the sphere. For 

closed universe in FRW metric 

ds 2 = c 2 dt 2 - a(tf[dx 2 + sin 2 x(d6 2 + sin 2 0# 2 )], (3) 

where x — f cdt/a(t), which is by definition the confor- 
mal time coordinate or arc parameter time r]. During the 
interval of time dt, a photon traveling on a hypersphere 
of radius a(t) covers an arc dr] = dt/a(t). The luminosity 
distance d L is related to the radial comoving coordinate 



rsin(r/tf )(l+z), 



(4) 



where sin(r/7? ) reflects the positive curvature and that the 
photons are spread over a smaller area A p (to) than they 
would be in the flat space, A p (to) = 47rr 2 sin 2 (r/7?o) < 
4;rr 2 . 

The luminosity distance depends upon the expan- 
sion history through J cdt/a(t) and the curvature through 
sin(r/Ro). For the simple model that we consider, the shell 
expands with constant speed c = H(z)R(z) 

d L = r sin(r/* )(l + z) = Rod + z) P 

Jo H(z') 

c r z sin(;r/[2(l+z/;r)]K, 

= —(1 + z) — dz . 

#o Jo 1 + z 

In Fig. [4] we compare the distance modulus for the sim- 
ple shell model expanding with constant speed, obtained 
through equation ^ dashed line, with the distance modu- 
lus for the standard ACDM model obtained by 



da 
dt 



^lijjf 

a 2 a ar 2 



(2) 



c C dx 

«o Ji/u+z) yQ r + xQ m + x*Q.is 



(5) 



EPJ Web of Conferences 



shell model 
SC optimal 



200 400 



600 800 



1000 1200 



Figure 5. Comparison of the distance modulus for the ACDM 
model (solid line) and the shell model expanding with speed c 
(dashed line). 



where x = a/ao. Fig. [5] compares the standard ACDM 
and the shell model considered here. The x 2 statistic for 
the spherical shell model is also calculated and compared 
with the best fit cosmology 



X 



[^-5loglQ{d L {zi)l\0pc)f 



(6) 



where \i[ is distance modulus for a detected supernova 
with index i, is luminosity distance, and <x 2 is disper- 
sion for \ii evaluation. The^ 2 = 563.81 for the ACDM 
andx 2 = 734.19 for the simple shell model that expands 
with speed c. It will be interesting to see how much x 2 
may improve for the shell model, if the GR shell model 
is used. Additional improvement may also be possible 
through corrections due to the gravitational lensing, which 
in this model could be important, and by recalculating the 
data set using "nuisance" parameters that correspond to 
the shell model. However, even this result indicates that 
the proposed shell model is in concordance with Union2.1 
catalog data. 

The first consequence of this model is that the cur- 
vature radius of our spherical shell will be a factor of n 
smaller than in the standard FLRW model, see Fig. [3]l 
and 0. This will result in significantly different density, 
which will be at least a factor of n 3 (depending on the 
thickness of the shell) larger in the spherical shell model. 

The most important consequence of this model is that 
the confinement of the light along the shell leads to the 
observed uniformity of the CMB. Because regardless of 
the direction we chose to measure CMB (for instance from 
point A looking in any direction), we will always measure 
CMB at the antipodal point B. 

Therefore measuring the same CMB by looking in the 
opposite directions of the universe does not represent or 
reflect the uniformity of the universe at the time of decou- 
pling, because we always measure CMB originating from 
the same point regardless of the direction of observation. 
For that reason we always must obtain the same result. If 
from point A we observe in any direction, we will always 
measure the CMB originating from point B. Small vari- 
ations for the CMB are possible and observed, but these 



variations are the result of the interaction between matter 
and light during its travel. For instance, depending on the 
direction we choose to measure the CMB, light will travel 
from point B to A through different galaxies and will inter- 
act with different amounts of matter, which will result in 
the small observed variations of the CMB. The observed 
fluctuations in the CMB are therefore created as the pho- 
tons pass through nearby large scale structures by the In- 
tegrated Sachs - Wolfe effect fl4lfl51flglfr7l . 

To establish a connection between the uniformity of 
the earlier universe at the time of decoupling and the CMB 
we will need to make a completely different kind of mea- 
surement of the CMB. We can see the CMB in any di- 
rection we can look in the sky. However, we must keep 
in mind that the CMB emitted by matter that would ulti- 
mately form, for instance the Milky Way, is long gone. It 
left our part of the universe at the speed of light billions of 
years ago and now forms the CMB for observers in remote 
parts of the universe, for an observer located at the antipo- 
dal point B. For instance, if we perform a measurement of 
the CMB at the point C, we will measure the CMB emitted 
by matter at the point D, Fig. [3J:. To measure the unifor- 
mity of the universe at the time of decoupling we will need 
to measure the CMB in at least two different points on the 
shell. If, for instance, the measurements from points A 
(CMB originated at B) and C (CMB originated at D) give 
the same result, then and only then may we speak about 
the uniformity of the CMB and uniformity of the universe 
at the time of decoupling. However, such measurements 
are not possible at the present time. 

The CMB temperature fluctuations AT/T are usually 
written in terms of a multipoles expansion on the celestial 
sphere: 

1=2 m=-l 

However, what is actually directly measured by obser- 
vations is the angular correlation of the temperature 
anisotropy (^(ni)y-(ft2)> where cos# = h\ • This is 
expressed through the power spectrum C\ = (|tf/ m | 2 ), Leg- 
endre polynomials, and the filter function Wi as 



C(0) 



1 y 

4tt 



1(1 + 1) 



CiPi(cos0)Wi. 



(8) 



The main contribution to Q for / > 60 is from oscillations 
in the photon-baryon plasma before decoupling, see Fig. 
[6] However, in the spherical shell model we cannot see the 
imprint of these oscillations in the CMB at the time of last 
scattering, because we are always measuring CMB com- 
ing just from the single point (or space limited region), the 
antipodal point (region), of the surface of the last scatter- 
ing. We cannot see the C/ contributions that are from the 
remaining part of the surface of the last scattering. For in- 
stance as we already mentioned, fluctuations from the sur- 
face of the last scattering that at the present corresponds 
to the Milky Way galaxy already left us billions of years 
ago. Therefore, in principle, we cannot obtain the angular 
correlation of the CMB temperature anisotropy in the shell 
model. The contribution to C/ for low multipoles / < 60 
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Figure 6. The CMB power spectrum as a function of multipole 
moment / and angular size, adopted from the WMAP collabora- 
tion. 



is mainly from the Integrated Sachs - Wolfe effect that re- 
lates temperature fluctuations to the integral of variations 
of the metric evaluated along the line of sight. One can 
argue that the line of sight is similar in the 3-sphere and 
spherical shell models. For instance, assume that we are 
on the surface of a 3-sphere and that propagation of the 
light is confined to its surface, then the observed distribu- 
tion of the galaxies on the surface of the 3-sphere and in 
the spherical shell will be the same. We should therefore 
obtain a very similar spectrum for low multipoles Q for 
the spherical shell model and the standard AC DM model. 
Therefore the temperature asymmetry for C\ < 60 should 
be similar in both models. 

Another argument for the shell model is that if the uni- 
verse was finite and smaller than the volume within the 
decoupling surface, then there should be a very distinc- 
tive signal: matched circles [18 1,| 19 1,[ 20|. These matched 
circles may be circles detected in [21 ], which may be the 
signature of a finite universe and may help us to determine 
the topology. It is also important to note that a hollow shell 
model completely reproduces the distribution of the entire 
observed radio sources count for the flux density S from 
S « 10/JytoS ~ 10 Jy (22). 

3 Conclusion 

The shell model considered here is in agreement with SNe 
la and other observational data. The model explains the 
observed uniformity of the CMB without inflation, be- 
cause propagation of the light is confined along the shell. 
The entire observed CMB originates from a single an- 
tipodal point or small region. The measured CMB must 
therefore be exactly the same for all directions of obser- 
vations, if corrected for Integrated Sachs - Wolfe fluctua- 
tions caused by large scale structures. For that reason we 



cannot say anything about the uniformity of the universe at 
the early stage. This removes any constraints imposed by 
the CMB on homogeneity. It is thus possible that the uni- 
verse was not uniform at an early stage and that creation of 
galaxies and large structures is due to the inhomogeneities 
that originated in Big Bang, because there is no reason that 
the Big Bang should be homogeneous. 
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